This paper addresses two major challenges new product development teams face in making a product people want. The first challenge is to frame the design situation based on a real need of a customer. The second, less obvious, challenge is to get everyone on the team in agreement about what that framing is -everyone needs to be on the same page about what it is they're doing. Yet these two challenges are not independent, they are intertwined with each other, connected by the concrete research and sharing activities the teams perform. We introduce a framework to help understand the path of a design team along these two dimensions as well as illustrations of the three most common paths observed among graduate multidisciplinary new product development teams as supported by interviews and survey data. These case studies form the basis of four themes and twelve design principles to help teams navigate the new product development process.
1
MOTIVATION When developing new consumer products, design teams face a challenge different to that of traditional engineering design. Traditional engineering design requires engineers to solve complex engineering problems within tight technical constraints. Often the specifications are already set and the job is to satisfy them all. In these situations it is important for the designers to identify the critical parameters and produce new designs that resolve conflicting constraints. We call these under the hood design; what the customer or end user wants is already decided and the task of a designer is to make it happen. Indeed, the end user may never interface directly with the designed object -like the design of a carburetor in a vehicle, unless it fails, for most users it remains out of sight or 'under the hood'.
In the realm of consumer products -products for which the end user interacts directly -where design dominates engineering analysis, designers face an additional challenge in the early stages of development: that of identifying a product worth making at all. Using an outdoor metaphor Owen ([1] p.29) explains "If the purpose of climbing the mountain is to get to the highest ground, then it is important to locate the highest mountain before beginning to climb. In today's world, it is as important to know what to make as it is to know how to make it."
To be worth making, a product must meet a user need that is currently unsatisfied. The skills required of design teams to identify unmet, hidden or latent needs are very different from that of traditional engineering training. Designers need to learn skills in observation, listening, performing research in context, scoping the situation and prioritizing and managing needs [2] . Technical proficiency is no longer all that is required for businesses to compete in the global marketplace [3] . Good design that embraces and understands rapidly changing customer culture and ways of life continues to outperform companies that do not prioritize design [4] .
To identify what they should be making design teams frame the design situation to make sense of the uncertain and ambiguous information they find. Finding a framing that will lead to an effective outcome is a major challenge all design teams face.
But new product development teams are comprised of individuals, each bringing different perspectives, backgrounds, experience, values and skills. Design is increasingly carried out by cross-functional teams that rely on the skills of those in, among others, marketing, engineering design, business, industrial design and manufacturing.
Intertwined, then, with the challenge of finding a framing of the situation to create a product that people want, is the challenge of the team coming to a shared understanding and agreement about what it is they will be making; to create one product at the end the team needs to 'get on the same page'.
We have observed that studying design team framing independent of shared understanding provides only partial illumination. Concrete activities that design teams engage in during their user research, such as sharing their findings and sorting through the data, affect at once new framings of the situation and whether or not a team is on the same page. They are inextricably linked.
In this paper, we present a framework to better characterize the relationship between the productive framing of a design situation for consumer products and services, beyond under the hood design, and whether a team is on the same page. We illustrate the framework with three case studies representing the most typical paths that design teams follow during the design process. We then present a set of imperatives and design principles in the shape of concrete activities to help teams successfully negotiate the early stages of design.
We begin with a review of prior work in the topics of framing in design and shared understanding to contextualize and differentiate our research
BACKGROUND

Framing
In 1973, Rittel and Weber characterized the social policy problems associated with urban design as 'wicked' problems [5] . These types of problems are not readily amenable to standard analytical problem-solving processes as they are ill structured and poorly defined. In these situations, problem setting leads just as much to the solution as the problem solving itself. The problem formulation itself is the problem.
Much later, DeGrace and Hulet Stahl [6] argued that many software development problems shared the characteristics of 'wicked' problems. However, new product development and design problems can also be seen as 'wicked' problems. If new product development is wicked then problem-setting is key.
Recent discussion within the design community has focused on Donald Schön's 'reflective conversation' metaphor for design [7] . Schön proposed a model of design based on the study of practitioners and a framework through which to analyze design activity. His model incorporates framing as a key skill of the designer. Other authors have also emphasized design as a problem-setting activity. For example, Lanzara [8] contrasts the traditional view of Design As Problem Solving with his emphasis on Design As Problem-Setting. He argues, as do others [9] , that the traditional problem solving view of design becomes relevant once much of the real work of design, the problem setting, has already been done. Much of this work is the framing of the situation by the designers and the design teams.
Framing has been defined as identifying a desired goal, highlighting some aspects and hiding others, selecting boundaries for the situation and criteria for evaluation [10] and as "sensemaking devices that establish the parameters of a problem," ([11] p.174).
As design teams begin the early stages of product development each design team member brings with them a different understanding of the situation, they may see different needs as important, have a different scope for the problem or expectations about what is possible and see different aspects as important. For example, members of a design team beginning to develop a product to encourage recycling may see it as a question of creating a bin that helps in the process of disposal, or as developing a service to encourage more efficient collection and another member may see it as a problem of raising awareness of local recycling programs. Each of these perspectives leads the members to frame the problem differently. What ultimately matters however is to frame the problem in a way that leads to a product users want -a framing that is based on core customer needs.
A number of studies have looked at identifying designers' frames and their evolution within the design process. Dorst and Cross [12] report a protocol analysis study of industrial designers working individually on an artificial design task. In this study they highlight the co-evolution of problems and solutions where "a creative event occurs as the moment of insight at which a problem-solution pair is framed: what Schön called 'problem framing'." Christiaans [13] found through an empirical study that the longer subjects spent defining and framing the problem the "better able he/she was to achieve a creative result." Valkenburg studied design teams within Schön's paradigm of reflective practice. In a study Valkenburg and Dorst [14] coded the activities of two design teams using a notation developed to study how the team's framing of the situation changed. The study was able to identify changes in frame of the design team but it is difficult to draw from this precisely what teams should do differently.
In a prior study of graduate new product development teams, Hey et al. [10] helped by identifying a number of key frame-setting activities for teams including: writing a project proposal or problem statement; developing a mission statement; selection of research areas, content and users; digestion and analysis of user data; and setting categories in ideation and brainstorming.
An alternative, practice-based approach at the Stanford d.school advocates that teams adopt a Point Of View (POV). Examples of these POV are close to what we would identify as a frame.
2.2
Shared understanding Shared understanding is necessarily a group-level phenomenon. While there are studies of framing at the individual level (e.g. [15] ), studies of framing at the group-level and how that negotiation is achieved are rarer. Yet the formation of shared understanding has received a great deal of attention from researchers in decision-making, organizational behavior, management and psychology. Klimoski and Mohammed [16] provide a bewildering array of related terms used across different studies including: group cognition, collective causal maps, collective interpretation, intersubjectivity, organizational consensus, strategic consensus, cognitive consensuality, coincident meaning, group belief structure, collective cognition, shared frames, shared meaning, negotiated belief structure, shared (mutual) models, collectively produced frames of reference, social cognition, group culture, shared mental models and collective mind. The outcome of this research is, at the least, an emphasis that shared understanding, or more colloquially, 'getting on the same page', is an important part of successful group processes. More so perhaps is the insight that there is a lack of clarity regarding its definition, with different researchers proposing that what is shared between group members may include beliefs, attitudes, assumptions, values, understanding, frames of reference, concepts, relationships, metaphors, commitment, interpretation, perception, content and framing.
The majority of studies on shared understanding (or related concepts) allow us to learn about group activities in general but fewer studies are specific to design and new product development. It is worth discussing some of these in more detail.
Song et al. [17] building on techniques developed in Hill et al. [18] used semantic coherence calculated from latent semantic analysis (LSA) [19] as a measure for shared understanding (or design storytelling) measured from design documents. They found that high performing teams enjoyed high semantic coherence just before stage gates, but cycled between low and high semantic coherence in between, generally ending with high semantic coherence at the end of the process. This pattern was also seen to be true from measures derived from sketches and surveys of design team members [20] .
In another study of the conceptual stages of design Stumpf and McDonnell [21] used argumentation as a basis for a coding scheme to analyze design team transcripts. They were interested in the negotiation that takes place within design teams as to how the team settles upon a shared frame. The authors of this study identified frame shifts during the design activity and highlighted the difficulty of representing different 'levels of frames', or levels of abstraction, in order to discover frame conflict between members. That is, team members viewing the situation from different and conflicting frames.
Kleinsmann [22] used the 'learning history' research method to analyze two industry design projects, a retrospective pilot study, and an explorative observational study. Her study provided insight into the barriers and enablers for the creation of shared understanding at the actor, project and organizational level.
More recently, Hey et al. [10] proposed a framing cycle to better understand the process whereby individual level frames become group-level frames. The cycle, shown in Figure 1 , models teams arrival in a design situation with existing values and belief structures that affect pseudo-frame setting, early frames, borne out of prior experience rather than current knowledge. As the teams engage in frame-setting activities, such as discussing a mission statement, individual frames are made explicit and conflicts between members' frames are made salient. Through a reliance on shared data and discussion a common frame may be negotiated -the team arrives at a shared understanding.
Figure 1. The Framing Cycle [10]
The implication again is that having high shared understanding throughout a project is not always good. To illustrate this, Mohammed conceptualizes cognitive consensus as a continuum of sharing, Figure 2 : "At one end of the continuum, many incongruent interpretations coexist and frames are entirely idiosyncratic. In the middle of the continuum, frames are widely held. At the other end of the continuum, there is perfect convergence and every group member has an identical frame of reference. In general, the extremes of this continuum are considered dysfunctional," ([23] p.411). It is often argued that differences in opinion help a team find more creative solutions, the accepted wisdom being that a team with similar opinions and experiences will explore less of the solution space (though the validity of the solution space metaphor for new product development has been questioned [24] ). Research approach Our research approach was designed to complement and build on prior work. Prior studies are based on a relatively small, though, rigorously analyzed, number of design projects. Other than several industry design team case studies, the teams typically studied in the past are uni-disciplinary rather than multidisciplinary. That is, participants were typically teams of engineers. The scenarios studied were also highly compressed design scenarios taking place over the course of a few days or a few hours. Finally, while the prior work has illuminated much about team framing and shared understanding, there is little in the way of concrete advice offered for design teams.
To support these studies then our research approach has been based on a number of important factors. We studied a large number of design teams -over 50 projects were tracked in detail. To do this we studied graduate new product development teams that also enabled us sufficient access to data. Teams were multidisciplinary composed of engineering, business, industrial design and information systems backgrounds. Rather than a few days, projects were carried out over the course of 13 weeks. This enabled us to learn from the full context of design team activities including user research, incubation, iteration and extended team dynamics. We discuss data collection in more detail in section 4. We believe this approach provides a useful alternative perspective and additional insights into how design team activities affect team framing and getting on the same page.
3
THE DESIGN PATH FRAMEWORK In this section we present a framework that has helped us better understand the twists and turns of design teams. A good framework must be accurate, clarifying and actionable. This means the framework should reasonably represent the world, or selected aspects of the world, it should make things clearer, and, to be of use for a designer, it should point the way to action. We believe this framework meets these criteria through: (1) being constructed from a study of 57 design projects and interviews; (2) teasing apart the often conflated dimensions of framing and shared understanding; and, (3) by visualizing these dimensions and opening the way to interventions and awareness to help address problems.
The design path framework is shown in Figure 3 . 
Design path dimensions
The framework is built out of two axes. The horizontal axis is the framing between the design team and their eventual users. The vertical axis is how much the team is on the same page, or their level of cognitive consensus. There are no strong reasons why the axes are chosen as horizontal or vertical. For clarity we will present the framework through-out in the same orientation. Let's take a look at each axis in a little more depth.
Framing between the designers and users
The horizontal framing dimension is a measure of whether the designers framing of the situation is matched with how users see the world; is the problem to be solved one that has value for users?
The selection of the axis is based on the observation that a large number of design teams alter their initial project proposal as the project progresses. This reframing may occur for several reasons: the original need is found to be impractical due to technical, business, time or expertise constraints or unimportant for the target group; or the target group itself is changed. With each reframing, a change of position along the framing axis, the team ideally moves towards a framing of the problem that better reflects what the target market really needs.
To create a successful product those needs must also be poorly met by existing products. Kim and Mauborgne [25] give the example of Yellowtail wine's identification of an opportunity in the US wine market. The U.S. wine industry had been focusing on "how to create a more sophisticated wine for special occasions." Yellowtail found an opportunity that better matched how their target customers think by reframing the challenge "to a new one: how to make a fun and easy-to-enjoy wine for every day," ([25] p.112). The reframing allowed Yellowtail to raise its price to more than double the cost of a jug wine. In short, successful teams tend to move from the leftwhat the designers think is important to make, or in the case of wine, what the established industry thought was important -to the right -what the target market actually finds valuable.
As teams move from left to right they learn more about their users building empathy for their situation (from em -in, pathos -feeling) and an understanding of the customer need. The team begins to see the world through the eyes of the people they are designing for (e.g. [26] , [27] ).
At a more fundamental level, as teams move from left to right, the designers get closer to making, as Malinowski famously put it, "the psychological transference whereby they becomes we," [28] .
Shared Understanding
The vertical axis of the framework is a measure of a team's agreements on the framing of the situation, in words that design teams themselves use, how much they are on the same page. This axis mimics Mohammed's continuum of cognitive consensus.
In practice, teams can be on a different page from each other for a number of reasons. They can be in disagreement about the target market they are designing for, about the needs they are trying to meet, and how the team should address the need. It is also common for design teams to believe they are on the same page when in fact many differences of opinion lie beneath the surface. The framing cycle implies that if these undercurrent differences are not moved into the open before the team must make critical project decisions then the resulting conflicts may seriously hinder progress.
As with the framing axis, the measure of the team's agreement can be expressed in multiple similar ways. It can be understood as a shared understanding of what the project is about, or it could be defined through a metric like that of semantic coherence [17] . As a team develops a shared understanding and language they also begin to develop their own team culture -an agreement on shared public meaning. Teams transition from a team of individuals pushing different perspectives to a unified, directed team. As with the framing axis, the team makes a transference whereby I becomes We, as team members and their different perspectives are acknowledged and understood. Teams themselves also use alternative metaphors to 'being on the same page' including cohesiveness, developing a bond or gelling, standing together, or aligning.
3.2
Quadrants and movements Though the framework axes cross at the center this is only intended to more clearly identify the four different quadrants as qualitatively different situations for a design team.
Most design teams begin their project on the left two quadrants -they have some idea of what they think their target market needs, but they are not sure if they are correct; it is the designer's view of what is important. What is more, members on the team may either be in agreement with the initial project mission, or they may have different ideas, and expectations of the needs of their market. This initial forming of the teams places them in either the top left or bottom left quadrants.
In the bottom right quadrant team members have learned about the needs of their target customers. Yet the experiences they have had, and the needs they see as important, differ from each other. Individually, each member has a better idea of what is needed than before, but the team as a whole may be in more confusion than at first as each member expresses, and often vigorously defends, their different perspectives. Team members may argue for hours and never come to a shared understanding if adherents have trouble understanding the source of members' frames. In this quadrant, as in the bottom-left, teams may experience a degree of conflict about the direction of the project.
In the top-right quadrant the team has identified some true customer needs and each member has agreed upon them. The team members have a problem worth solving and all the members are committed to solving it.
As we will see, transitions between quadrants are prompted by specific design activities and events especially memorable in retrospective interviews. For example, debate and sharing of opinions about the initial direction of the project can help the team move from the bottom-left to the top-left as they develop both a common language and perspective on the situation. Performing user research as individuals can move teams from the top-left to the bottom-right of the framework; designers learn about users, but they learn different things resulting in team members' individual frames diverging. Teams moving from right to left on the framework can also occur when, after having developed an understanding of their market, internal conflicts or time pressures result in teams backtracking to what they mistakenly believe is the need rather than what the team has learned as a whole.
3.3
Assumptions As you may have observed, several assumptions are built into the framework. For example, as we discussed in the prior research, being low or high on the axis, is not necessarily good or bad depending on the stage of the process. An assumption we bring however, as design researchers, is that successful teams will be largely on the same page at the end of the project in order for them to productively make a single product at the end of the project. This is consistent with prior research regarding implementation of decisions. For example, implementation is problematic when group members still hold different frames regarding an innovation, and more so, when they are unaware of how they differ [29] .
The framework also implies the assumption that more successful products are made when the designers' frames are matched with users'. This assumption is not strictly true as many breakthrough products originally meet with strong resistance by customers and investors. The value of the radio, for example, was lost on an investor who retorted ' [it] has no imaginable commercial value. Who would pay for a message sent to no one in particular?" [30] Nevertheless, within the scope of the majority of design projects we believe it is a reasonable assumption.
It is also entirely possible for design teams to slip up by performing poor research, not generating useful concepts or by simply not putting in work to try and understand the customer and work as a team. These cases do occur, and typically lead to a team that does not move significantly through the framework. They do not learn about their target users, nor do they communicate enough as a team to either uncover disagreements or to settle them. By and large though, our assumption is that most teams do make an attempt to follow the user-centered design process and therefore their mistakes and successes can provide a learning opportunity.
4
DESIGN PATH CASES Design projects vary widely, from tweaking a backpack to reinventing the shopping experience. Yet teams are taught to follow the same basic process and adapt it to their situation. As a result, teams follow the same basic stages of research, needs analysis, concept generation, selection, testing and iteration but do these on very different subjects and at different times.
When we map the different paths design teams take through the process however, we found three recurring situations we have termed: Back Roads, Backtrack and Direct. In this section, by means of a prototypical case study for each, we'll discuss these three patterns, their traits, distinctions and typical outcomes for the design teams.
4.1
Data collection Data for these cases were collected over a period of four years in the graduate new product development class at the University of California at Berkeley. In total 57 teams have been tracked in detail and interviews performed with 36 teams. The goal in each case was to understand the story of the team as the team members saw it and understand the decisions that defined their path.
The design class context introduces some peculiarities with respect to design projects in industry. Teams work in a more flexible, ad-hoc environment without existing organizational infrastructure and are free to select their own team leaders or agree to have no official leader. Students also have the opportunity to select their initial project focus and the latitude to reframe their project away from the initial focus as user research dictates. Oftentimes such modification goes beyond what would be possible under industry, and brand, constraints. Teams also benefit from the advice and guidance of a design coach and faculty. These differences are highlighted to better understand the context in which the projects operate. As the class and design teams are modeled after industry practice, we believe that these results will also apply to industry design teams in terms of the activities and communication within the teams, a belief partially validated by recent longitudinal studies of our graduates who have gone on to work in industry [31] .
The intention through the data collection was to grasp the ebb and flow of the team's shifting framing and understanding to better understand the forces behind the decisions. We want to know what teams are doing and what thoughts motivated them to make those decisions. For example, if a set of key needs was selected, how was this selection done? What was the process? How was consensus reached? On what data or arguments were the decisions based? Was everyone in agreement?
Traditional analysis of design team documents including design journals, presentation decks, concept selection documents and concept sketches provide only a partial understanding of design team activities. These information sources therefore were supplemented by team interviews. Group interviews were found to be effective at eliciting differences in opinion at different stages of the process -different team members had their own unique viewpoint within the context of the overall story and would even present different stories [32] . Placing these stories in the open through group interviews provided additional valuable insights about team activities and understanding. Interviews were transcribed and coded by two researchers to identify common themes, situations and motivations for decisions.
Our experience was that the documents produced by the team represented the final decisions made and their justification as a predominantly rational process. The team members however, would often describe the process as anything but. Key decisions, often the result of "marathon meetings" late into the night, were frequently painful, emotional, and trying times for the team. It is not uncommon to find decisions hotly debated up until shortly before the deadlines and even then not every member of the team bought into the direction taken throughout the course of the project.
To provide the opportunity for individuals to anonymously voice their opinions about their team and team processes we also collected data from two self-assessment surveys. The surveys provided insight into individual thoughts and feelings often masked in both the documentation and the group interviews.
Case 1: Back Roads Figure 4. The Back Roads design path
Description:
The Back Roads design path ( Figure 4 ) is usually characterized first with the team beginning on the same page but within their own frame. The team often has a strong idea of what they think their users want and the team members are enthusiastic behind that vision.
As the teams perform user research they begin to gain a better understanding what their market wants. Yet, at the same time the team members learn different things from speaking with different potential users. The team members formulate individual opinions that differ from each other. Often members attach themselves to the needs of the users they spoke with. The team can go through a difficult period of uncertainty as each member believes the team is confused and they struggle to integrate all they have learned. Yet, as the team takes time to share using rich methods and tools and sift through their research they begin to understand each others' perspective and the different needs each member identified. The teams consolidate their ideas and frame the situation around one or several core needs of their users rather than the designers' visions. They deliver a product their users really want.
Healthy Instant Noodle Case:
A good example of this path is the Healthy Instant Noodle team. The team began with a clear goal: "We were eating a lot of ramen on the road and just felt, Gosh, why isn't there a healthy instant noodle." The idea is easy to visualize and seemingly easy to implement -the team began largely on the same page. Yet this is a product they want based on their own experience which they can not be sure is shared by their potential target customers. The team performed deep and effective user research to get at some of the deeper reasons and attitudes behind eating instant noodles. They each collected a lot of data and stories causing them to relate to different needs and users reducing the initial team cohesion. They began to feel as if they were "totally out in the middle of nowhere … so far away from instant or … so far away from noodles."
After gathering and analyzing customer needs, project deadlines require the teams to present a project focus. The team first chose a framing based on a mix of what they had heard, one that highlighted the traditional and authentic noodle experience. However, their design coaches slammed them saying "you can't just bandy about the terms traditional and authentic." The team reexamined what they had heard and refocused on the common core need: 'fresh'. The reframing was right for their users and the team could relate to it from what they had experienced and heard in their research. With this core need as a focus they developed a product, integrating fresh vegetables and a novel, transparent packaging design emphasizing freshness that their users loved.
4.3
Case 2: Backtrack
Figure 5. The Backtrack design path
Description:
These cases ( Figure 5 ) often have a strong product vision to start and perhaps a team member who has a strong personal stake in the project. These leaders are often reluctant to let go of their initial vision. This situation can cause problems because, not only are the team's members unclear about what the consumer wants, they also come in with differing, and sometimes conflicting, ideas of what they want.
Teams in this situation often enter the project with an attitude seeking to confirm what they see as the problem, rather than learn how the users view the world. As a result, they often collect only shallow data from user research based around the initial product frame without any major insights. When pressed by coaches or faculty to broaden their research they may take new directions and try to expand their horizons but too often too late. Teams will often learn more about their target market's real needs but not have time, or the motivation, to follow up a completely new path. Pressed by a decision point the team is trapped by their research. To make a decision they backtrack to their original framing of what the consumer wants. Depending on how the team did their research this decision to backtrack can often cause conflict.
Airport Seating Case:
The Airport Seating team began with the central experience of one member, a frequent flier, struggling to find a comfortable seat while waiting for a plane. They had an insight that if you could also comfortably sit on your luggage then seating would never be at a premium at airports. While the project was pitched more generally as seating at airports, this idea lay beneath the suggestion.
The team's initial research accordingly revolved around chairs and seating. They observed people of all ages sitting on the floors at airports, families, business people, students and more. The team was urged to dig deeper and try to understand the broader needs people have at airports and the team did this, reframing at a higher level: "[Our] mission statement changed to problems associated with waiting while you are traveling in an airport."
The team used these broader needs to develop concepts ranging from renting chairs to using a pager system that radically changed how people board flights. With their broad user research across all market groups and very diverse ideas the team struggled to select a concept or even a focus. They struggled with the level of abstraction of the solution -a focused product such as the design of a chair, or an attempt to define a new airport experience based around the travelers rather than the airlines. As time pressure drew on they had a "marathon" meeting to make the decision as to which framing to adopt. The team was divided as each had spoken with different people and seen different things. Yet, the bulk of their research was based around seating; at this late stage it was difficult to switch focus towards needs and solutions they had less research to support. The team backtracked to the original proposal idea, the luggage chair. The team was largely able to unify behind this decision -in some senses it was the easy way out, sticking with something they knew -but ultimately the process was not based as much on a deep understanding of their market as the original intuition of the design team themselves.
Case 3: Direct Description:
These situations ( Figure 6 ) are characterized by steady strong team cohesion throughout the process. The teams travel through the uncertainty of the design process together, learning from each other and sharing their doubts; when the team is confused, they are confused together. Teams may begin either with a strong initial vision or with a more general need and differing expectations for the project. As the teams perform their research and learn about users they make steady progress towards a better understanding of what users need and they frame, or reframe, their situation accordingly.
Figure 6. The Direct design path
Characteristics of these teams include doing their research together. When the teams perform their user research together team members share experiences with users. As they learn about their real needs more than one team member can appreciate and stand behind the needs they observed. However, doing research together can lead to missing some educational 'sidetrips' or 'backroads'. If they do not perform research together, these teams will often share their research richly with the rest of the team. They will use photos, video, stories, quotes and transcripts to communicate what they experienced in the field. This rich sharing helps the entire team to relate with the user and the perspectives of their team member. Often, these projects are explicitly designing for a target market more difficult to access or very different from the design team, for example, in these cases, the design team are students and working professionals, but their target markets may include the elderly, doctors, children and so on. The effect of the different target market is to require the team to step out and learn from their users as they begin with little prior knowledge.
CAD (Computer-Aided Design) Estimation Case:
The CAD Estimation team came together with a strong original focus based on academic research, a tool to give designers information about manufacturing problems during the creation of CAD models. The focus also became their team name.
The team needed access to professional practicing engineers and designers to understand what they needed. It took time to arrange meetings as access was limited. For each interview, the team took full advantage and all team members were present. The team took detailed transcripts of the interviews and took time to discuss each interview in depth including their own opinions and surprises. The team found that customers were cold to their original product idea and they found themselves pushing harder to find a need that was not there. One member explained: "We even tried to steer some of the initial interviews to get that result … because that was the whole reason we were doing this: To almost legitimize the initial idea." This attitude derived from the story of how the product got started. As another member later put it: "[In] research you try to find a hard problem, not something that people want maybe… Cost is something they can relate to a lot easier than how easy a product is to manufacture. Once we found that we stepped back and found another goal." Learning from their research the team reframed from ease of manufacture to early cost estimation.
Yet, the Direct path does not imply an easy transition. As one group member recounted about the reframing, "We all kinda' had the wind knocked out of us as a group when we had to just change gears." But it was the team that was knocked out rather than individuals on the team. Though they found out that their initial product was a mismatch with their target market's frame, they at least were all working from the same information. They struggled together. When the transition was complete and the team accepted they had found a frame matched with their users, the technical aspects were readily overcome because the team had a clear shared understanding of what was needed.
4.5
Frequency of design paths We observed the three design paths occurring relatively frequently over the four years of projects, see Table 1 . However, the fairly high standard deviation suggests that different years of the class had slightly different patterns. Note that the paths of 7 teams are not discussed here due to lack of space and lack of frequency. 
THEMES AND DESIGN PRINCIPLES FOR DESIGN TEAM FRAMING
Based on the framework and the design team observations we are able to put forward four themes for specific design principles for successful design team framing. The principles have consequences for both framing the situation so that it matches users' frames and for the team building a shared understanding.
The imperatives for each theme can be seen as broader directives of goals for teams to achieve. While they should be achieved one way or another there may be many different ways of achieving them; the specific design principles making them more concrete. They should inspire tangible actions and design ideas. This section discusses the four primary themes for framing we believe are most important, followed by concrete design principles to help teams achieve them, see Table 2 .
While we appreciate that many of these recommendations are not original, we hope that the understanding of why they are important and their less obvious consequences helps to provide renewed emphasis on doing these design activities right. 
Choose a team name not tied to a product
A team name is typically representative of what the team is doing. However, because team names are set at the beginning of the project, when the team is operating within its own pseudoframes, it is likely the name can be misleading. A team name is a mental bind to a direction. For example, one team struggled to release themselves from the 'web site' in their team name: "Is it ok to go back and say we're not doing a site? -it's what we started with."
The number of changes of a team name are a loose indicator for how well teams have reframed as they understood their users better. A new name often coincides with a reframing, for example, in his article, the Cathedral and the Bazaar, Eric Raymond describes how, after a reframing of the mail client he was working on, the "design acquired an identity of its own…It was time for the name change," ([33] p.42).
You are not cooking for yourself
Teams often make the mistake of assuming they already understand their market. This is particularly the case when the designers themselves could be part of the market group. The most common group across all design projects studied included 20-35 year old students or young professionals. In many cases this choice was driven by the convenience of access to potential users, however, with the team members part of the target market it becomes easier to listen to your own viewpoint on the problem rather than your users. When team members rely on their own viewpoints differences in frames are less likely to surface until later in the project, and designers are more likely to design for themselves than their research participants. Manage the data deluge with frameworks Listening carefully to users can be overwhelming. As one team member put it, "this wave of data and context crashed on top of us." Teams should manage the deluge using tools such as personas, frameworks, metaphors, and typologies. Face to face communication helps uncover the complexity of the design situation which then needs to be brought under control. A mentor of mine used to explain, "I don't need you to tell me it's complex. I know its complex. I'm paying you to make it simple for me."
Use rich media
Research is effectively shared using rich media when possible. Teams that use stories, transcripts, photos and video to share research richly among the team help achieve a shared understanding. Avoid paraphrasing research findings as important contextual information picked up by the researcher will not be transferred to the team. Sleeswijk et al. [34] recommend that tools to communicate market information to designers should enhance empathy, provide inspiration, and support engagement.
Do research together
As for the CAD Estimation team, doing research together, in pairs or more, means that designers pick up on the same contextual information, hear the exact words and see the same actions of their participants. Performing research together is also widely recommended to improve the quality of the research data as team members support each other during interviews and provide additional interpretations.
MAKE DECISIONS ON COMMON BASES
Like a tower of bricks, teams can break down at critical heights if they are not built on strong foundations. When the bricks are not aligned, the overall structure is weakened. Teams that pass critical decision points, or stage gates, without making decision on a common basis risk conflict as the decisions are implemented.
Discuss direction early to leave time for iteration and learning
When decisions need to be made frame differences are quickly made salient. Only when they are made salient to team members can they begin to be resolved. Teams that budget for iteration and the gathering and sharing of more information after key discussions help frame differences to be resolved before it is too late. Time management is critical.
Manage knowledge gaps on the team
Large knowledge gaps result in different framing between team members, as when a team member brings a specialist technical or market knowledge about the project area. If left too long these gaps can divide the team as members opinions are not incorporated in critical decisions or they find their ideas repeatedly rejected. Interviewing each other can help keep teams abreast of differing perspectives and knowledge.
Take the time to discuss
Design teams need to take time to develop a common understanding of key terms, including what user needs really mean, and any words teams may develop during the project. Using the words of research participants, when possible, helps forge a shared meaning while cutting down on dilution and paraphrasing.
Use the discussions on team mission and vision as time to get the team on the same page -air differences in assumptions, values and expectations so they don't rear their heads in problematic ways later on. Long discussions have more value than appears at first.
Aiming for unanimous consensus on key decisions will require the team to be on the same page before they move forward. Focus on user data and take time to discuss it until agreement is reached.
DRIVE INNOVATION BY REAL NEEDS
Design teams often desire to create innovative products. Yet, the desire to be innovative often translates to different and novel. The most effective way to create innovative products is to not to strive for novelty but to design products that meet eventual users real needs. Meeting real needs helps teams create a product that people really want rather than a product the design team thinks is cool.
Drive development from research data
Focusing on what you hear and see in your research to drive your decision-making helps you focus on what your users need and not just what the design team thinks is needed.
Look for the story behind the product
The work is worth it if you find the right story. Even if you end up doing what you envisaged initially, understanding the real reasons why and the ways it resonates with users is worth the research effort. Understanding, or finding, the story that makes a product resonate with users increases confidence that the team is on the right track.
Test, test, test
It's in user testing and implementation that differences in frames between users and designers, and between team members, are made explicit. Teams that do not test walk a tightrope of guessing games. It's easy for a product to succeed in the minds of the team that designs it, but testing helps keep the focus on what really works.
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CONTRIBUTION AND FUTURE WORK In this paper we developed the thesis that design team framing and the development of shared understanding, or getting on the same page, are closely intertwined through the activities of a design team. We presented the Design Path Framework to help understand the paths design teams take along these two dimensions.
To help design teams more successfully negotiate the early phases of design we presented four imperatives and twelve related design principles. The imperatives provide sound directives for teams to aim for: Learn don't confirm; Share richly; Make decisions on common bases; and Drive innovation by real needs. The twelve design principles provide concrete recommendations for design teams to achieve these goals.
We also hope that this paper provided a foundation for understanding the dual reframing that design teams themselves undergo: a shift from I to We in terms of building empathy for their target market; and a shift from I to We as designers evolve from groups of individuals to a team.
We are continuing this research by developing a learning tool, in the form of a "Choose Your Own Adventure" interactive story, to help design teams better understand the consequences of many early stage research and sharing decisions.
